Abstract Diabetic cardiomyopathy is characterised in its early stages by diastolic relaxation abnormalities and later by clinical heart failure in the absence of dyslipidaemia, hypertension and coronary artery disease. Insulin resistance, hyperinsulinaemia and hyperglycaemia are each independent risk factors for the development of diabetic cardiomyopathy. The pathophysiological factors in diabetes that drive the development of cardiomyopathy include systemic metabolic disorders, inappropriate activation of the renin-angiotensin-aldosterone system, subcellular component abnormalities, oxidative stress, inflammation and dysfunctional immune modulation. These abnormalities collectively promote cardiac tissue interstitial fibrosis, cardiac stiffness/diastolic dysfunction and, later, systolic dysfunction, precipitating the syndrome of clinical heart failure. Recent evidence has revealed that dysregulation of coronary endothelial cells and exosomes also contributes to the pathology behind diabetic cardiomyopathy. Herein, we review the relationships among insulin resistance/hyperinsulinaemia, hyperglycaemia and the development of cardiac dysfunction. We summarise the current understanding of the pathophysiological mechanisms in diabetic cardiomyopathy and explore potential preventative and therapeutic strategies.
Introduction
Diabetic cardiomyopathy is a specific form of heart disease, promoted by resistance to the metabolic actions of insulin in heart tissue (e.g. insulin resistance), compensatory hyperinsulinaemia and the progression of hyperglycaemia, which occurs independent of other cardiac risk factors such as coronary artery disease (CAD) and hypertension. Diabetic cardiomyopathy as a distinct entity was first described in 1972 in four individuals with diabetes who manifested heart failure symptoms [1] . This was confirmed in a secondary analysis of the Framingham Heart Study in 1974, which found that the risk of heart failure was increased 2.4-fold in men and fivefold in women with diabetes compared with individuals without diabetes after adjustment for other risk factors including age, hypertension, obesity, dyslipidaemia and CAD [2] . By ruling out CAD using angiography, a study of 17 individuals with type 2 diabetes in 1977 provided definitive evidence of diabetic cardiomyopathy characterised by increased cardiac left ventricular end-diastolic pressure, decreased left ventricular compliance and low left ventricular ejection fraction with diffuse hypokinesis. These initial observations suggested that diabetes had a distinct and direct impact on interstitial fibrosis and associated reduced left ventricular compliance and diastolic dysfunction [3] . In this context, the clinical course of cardiac dysfunction in diabetes progresses from subclinical cardiac abnormalities, such as left ventricular fibrosis and diastolic dysfunction, to severe diastolic heart failure with normal ejection fraction and eventually to systolic dysfunction accompanied by heart failure with reduced ejection fraction [4, 5] . This review summarises recent work in diabetic cardiomyopathy and examines the molecular mechanisms involved in this hyperglycaemia-and insulin-resistance-induced cardiac dysfunction.
The prevalence of diabetic cardiomyopathy associated with type 1 and type 2 diabetes Cardiac diastolic dysfunction is more common than systolic dysfunction in people with type 1 diabetes [6] . In an observational study of 20,985 individuals with type 1 diabetes (mean age 38.6 years), each 1% increase in HbA 1c (compared with earlier levels) was associated with a 30% increase in risk of heart failure, independent of other risk factors including hypertension, smoking and obesity [7] . Further data derived from a population-based observational study involving children and adolescents (8-18 years old) with type 1 diabetes, echocardiographic Doppler imaging confirmed that there was a lower ratio of early (E′) to late (A′) peak diastolic velocities in all measurements from the mitral and lateral tricuspid annulus ring. These data suggest that cardiac diastolic dysfunction is present in early stages of type 1 diabetes in children and adolescents despite treatment with intensified insulin regimens [8] . Another cross-sectional study involving middleaged people with type 1 diabetes suggested that there is both left and right ventricular systolic impairment as assessed by isovolumetric contraction in Doppler imaging [9] . These collective data demonstrate that individuals with type 1 diabetes have a high risk of developing diastolic dysfunction that evolves into clinical heart failure independent of their HbA 1c , blood pressure or lipid control.
The risk for development of cardiac stiffness/diastolic dysfunction is also high in those with type 2 diabetes [10] . For example, observations from the Framingham Heart Study indicated that people with type 2 diabetes had a two-to eightfold increased risk for development of heart failure and that 19% developed symptoms of heart failure [2] . A retrospective cohort study of 8231 individuals with type 2 diabetes indicated that heart failure developed in 30.9 out of 1000 people, compared with an incidence of 12.4 per 1000 in individuals without diabetes, indicating a 2.5-fold increase in heart failure risk in those with type 2 diabetes [11] . Furthermore, an observational study involving 25,958 men and 22,900 women with type 2 diabetes indicated that a 1% increase in of HbA 1c was associated with an 8% increase in the risk of heart failure, independent of blood pressure, obesity, age and the presence of CAD, suggesting that type 2 diabetes is an independent risk for incident heart failure [12] . Conversely, in a prospective observational study, each 1% reduction in HbA 1c level was associated with a 16% reduction in risk for heart failure, 14% reduction in risk for myocardial infarction and 21% reduction in risk for deaths related to type 2 diabetes [13] . These data support the notion that glycaemic control in those with type 2 diabetes is a critical mechanism in the prevention of cardiac dysfunction and heart failure.
Changes in cardiac structure and function in diabetic cardiomyopathy
In the early stages of diabetic cardiomyopathy, the cardiac structural and functional adaptations are promoted by metabolic disturbances including impaired insulin metabolic signalling, excess ambient insulin, impaired glucose uptake, increases in myocardial NEFA uptake and mitochondrial dysfunction [4, 14] . These collective metabolic disturbances promote cardiac remodelling, fibrotic diastolic dysfunction and, ultimately, decreased ejection fraction in those with diabetes [14, 15] . In this regard, the pathophysiological changes, including impaired cardiomyocyte autophagy, increased cardiomyocyte death, inappropriate renin-angiotensin-aldosterone system (RAAS) activation despite salt and water excess, oxidative stress and maladaptive immune responses, result in fibrosis and substantial cardiac stiffness/diastolic dysfunction [14, 15] . Our recent investigations also show that consumption of a diet high in fat and refined carbohydrates induces impaired cardiac insulin metabolic signalling, inflammation, oxidative stress, maladaptive immune modulation, reduced bioavailable NO, increased connective tissue crosslinking and fibrosis [5] . These alterations result in diastolic dysfunction characterised by slow initial and peak filling rates, as demonstrated by cine magnetic resonance imaging [5] . In the later stages of diabetic cardiomyopathy, the alterations in cardiac structure are more pronounced and include cardiomyocyte necrosis, collagen accumulation, increased crosslinking of connective tissue, interstitial fibrosis, hypertrophy, sclerotic small coronary vessels and capillary microaneurysms [16, 17] . These more advanced changes are associated with coronary microcirculation dysfunction and both diastolic and systolic dysfunction. Therefore, consumption of a contemporary diet high in fat and refined carbohydrates can lead to cardiac insulin resistance and an early form of diabetic cardiomyopathy.
Pathophysiological mechanisms involved in the development of diabetic cardiomyopathy
Abnormal insulin metabolic signalling Impaired insulin metabolic signalling in the heart is a key pathophysiological abnormality associated with diabetic cardiomyopathy (Fig. 1) . One instigating pathway associated with this impaired signalling is the mammalian target of rapamycin (mTOR)-S6 kinase 1 (S6K1) pathway [4] . This pathway is a highly conserved nutrient sensor and modulates insulin metabolic signalling through increased phosphorylation of S6K1, an evolutionarily conserved serine (Ser) kinase [4] . Evidence is mounting that chronic activation of S6K1, by both excessive nutrient intake and inappropriate activation of the RAAS [18] , promotes insulin resistance in heart, fat, liver and skeletal muscle tissue through increased Ser phosphorylation of the critical insulin signalling/docking molecule IRS-1. This then impairs phosphoinositol 3-kinase (PI3K) engagement and protein kinase B (Akt) stimulation [4, 5] . Under normal physiological conditions in cardiomyocytes, the PI3K/Akt signalling pathway stimulates GLUT4 recruitment to the plasma membrane, resulting in glucose uptake into the heart [4] (Fig. 2) . The reduction of glucose uptake resulting from PI3K/Akt impairment decreases Ca 2+ ATPase activity and moves Ca 2+ back into the sarcoplasmic reticulum, thus increasing intracellular Ca 2+ [4] . In addition, impairment of insulin metabolic signalling inhibits cardiac insulin-stimulated coronary endothelial NO synthase activity and NO production, which further increases intracellular Ca 2+ levels and Ca 2+ sensitisation in cardiomyocytes via the cGMP/PKG signalling pathway [4] . These abnormalities cause cardiac stiffness and diastolic dysfunction ( Fig. 2 ). Our research group has observed that overnutrition/RAAS activation of mTOR-S6K1 pathway and the consequent diminution of insulin metabolic signalling is associated with cardiac fibrosis/stiffness and diastolic dysfunction [18] . (Fig. 1 ). For example, elevated serum levels of AGEs are associated with a prolongation of left ventricular relaxation time in individuals with early diabetic heart failure [19] . Indeed, AGEs induce changes in mechanical properties of the extracellular matrix by increasing resistance to connective tissue enzymatic proteolysis and enhancing the crosslinking of collagens and laminins; these changes lead to increased fibrosis, reduced cardiac compliance and left ventricular diastolic dysfunction [20] . AGEs may bind to the cell surface receptor for AGE (RAGE) to prompt maladaptive inflammatory gene expression, thus increasing matrix proteins via processes mediated through mitogen-activated protein kinase (MAPK) and Janus kinase (JAK) pathways in vascular and cardiac tissues [4] . Meanwhile, AGEs are involved in increasing the production of reactive oxygen species (ROS), which promote inflammation and fibrosis [4] . To this point, in a mouse model of type 1 diabetes, administration of a RAGE antagonist prevented AGEs/RAGE signalling-mediated increases in myocardial collagen, fibrosis, stiffness and diastolic dysfunction [21] .
Hyperglycaemia and glucotoxicity
Therefore, hyperglycaemia, glucotoxicity and associated activation of AGEs/RAGE signalling are important contributors in the development of the myocardial fibrosis that is an integral part of diabetic cardiomyopathy. The maladaptive hyperglycaemia-associated hexosamine biosynthesis pathway and O-N-acetylglucosamine acylation (O-GlcNAcylation) pathway have also been found to be involved in heart disease in individuals with diabetes [22] . For example, chronically increased O-GlcNAcylation induces mitochondrial dysfunction and impairment of left ventricular function [22] . Overexpression of O-linked N-acetylgluco saminyl hydrolase removes O-linked N-acetylglucosamine to restore normal cardiomyocyte Ca 2+ handling and cardiac function [23] , suggesting that targeting hexosamine biosynthesis and O-GlcNAcylation might be a potential therapeutic strategy in the prevention of diabetic cardiomyopathy.
Cardiac lipotoxity Abnormal lipid metabolism often accentuates the process of diabetic cardiomyopathy (Fig. 1) . Increased circulating triacylglycerol levels lead to increased fatty acid delivery to cardiomyocytes and, thus, enhanced fatty acid β-oxidation and impaired insulin metabolic signalling in diabetic hearts. Further, expression of fatty acid transporters , and Ca 2+ sensitisation in cardiomyocytes by inhibition of cGMP/PKG. Impairment of insulin metabolic signalling also inhibits GLUT4 recruitment to the plasma membrane and subsequently glucose uptake into the heart, which decreases Ca 2+ ATPase activity and thus increases intracellular Ca
2+
. These abnormalities cause cardiac stiffness and diastolic dysfunction. AT-1R, angiotensin II receptor 1; MR, mineralocorticoid receptor; [Ca 2+ ]i, intracellular calcium; ATPase, adenosine triphosphatase such as CD36 is increased in diabetic hearts [24] . CD36, a transporter protein involved in fatty acid uptake, is present on both sarcolemmal and endosomal membranes [24] . The rate of cellular fatty acid uptake is modulated through the subcellular vesicular recycling of CD36 from endosomes to the plasma membrane, and this is increased in diabetic hearts [4, 24] . Additionally, in diabetes, the heart often displays increased expression of peroxisome proliferator-activated receptor-α (PPAR-α), associated with increased fatty acid uptake, triacylglycerol accumulation and reduced glucose utilisation [25] . Some lipid metabolites, such as diacylglycerols and ceramides, impair insulin metabolic signalling further promoting diabetic cardiomyopathy. Increased levels of diacylglycerols in cardiomyocytes impair glucose metabolism through activation of protein kinase C (PKC) isoforms thereby reducing insulin metabolic signalling and NO production [26] . Ceramides are a family of bioactive waxy lipid molecules composed of sphingosine and a fatty acid [26] . Ceramide directly activates atypical PKCs to phosphorylate and inhibit the insulin metabolic Akt signalling; thus, increased ceramides in diabetic hearts attenuates GLUT4 translocation and insulinstimulated glucose uptake [26] . Therefore, excess accumulation of lipids and lipid metabolites contributes to cardiac insulin resistance, reduced bioavailable NO, inflammation, fibrosis and diastolic dysfunction. Recently, one study suggested that individuals with diabetes possess an inherent metabolic advantage whereby the failing myocardium is able to effectively use ketone bodies as a source of fuel [27] . This notion has been confirmed in a study in which empagliflozin, a sodium-glucose cotransporter 2 (SGLT2) antagonist, elevated the ketone body levels in individuals with diabetes and heart failure [27] .
Mitochondrial dysfunction and oxidative stress The increased mitochondrial fatty acid uptake and β-oxidation in diabetic hearts may exceed the capacity of mitochondrial respiration and induce an accumulation of toxic lipid metabolites, resulting in cardiac lipotoxicity and mitochondrial dysfunction [4] (Fig. 1) . Adenosine monophosphateactivated protein kinase (AMPK) usually improves mitochondrial biogenesis through activation of peroxisome proliferator-activated receptor-γ (PPAR-γ) coactivator-1α (PGC-1α), which is a master metabolic regulator of mitochondrial biogenesis and respiratory function [4] . However, the PGC-1α/AMPK signalling pathways involved in β-oxidation are impaired during the advanced stage of diabetic cardiomyopathy, thereby further contributing to mitochondrial dysfunction [4] . Moreover, increased fatty acid β-oxidation and mitochondrial dysfunction stimulates ROS generation and cardiac oxidative stress and inflammation. ROS in the human heart arise from mitochondrial generation as well as from NADPH oxidases, xanthine oxidase, uncoupling of NO synthase, microsomal P-450 enzymes and the arachidonic acid metabolism pathways [4] . The increased ROS induces further mitochondrial dysfunction and decreases fatty acid oxidation capacity, resulting in lipid accumulation, fibrosis, diastolic dysfunction and heart failure in individuals with diabetes.
Endoplasmic reticulum stress, impaired calcium handling and cardiomyocyte death The endoplasmic reticulum (ER) has an integral role in lipid synthesis, Ca 2+ handling and protein folding and modification [28] . In diabetes, hyperglycaemia and insulin resistance induce ER stress, involving impaired Ca 2+ handling and accumulation of unfolded proteins [29] (Fig. 1) . Ca 2+ enters cardiomyocytes through L-type Ca 2+ channels and this induces cardiac Ca 2+ release from sarcoplasmic reticulum through the ryanodine receptors [29] . Cardiac relaxation is normally maintained by sarcoplasmic reticulum reuptake of cardiomyocyte Ca 2+ , involving increased activity of the sarcoplasmic reticulum Ca 2+ pump (SERCA), the Na + /Ca 2+ exchanger and sarcolemmal Ca 2+ ATPase [29] . However, in diabetic cardiomyopathy impaired Ca 2+ reuptake results in increases in action potential duration and associated slowing of diastolic relaxation. The interaction of oxidative stress, ER stress and impaired Ca 2+ handling promotes cardiomyocyte death via increased apoptosis, necrosis and autophagy [4] (Fig. 1) . Elevated production of ROS increases the outer mitochondrial membrane permeability to further induce apoptosis [4] , and excess uptake of Ca 2+ increases Ca 2+ overload to open mitochondrial permeability transition pores, also leading to cell apoptosis [30] . Impairment of normal autophagy, including defects in autophagosome and lysosome fusion in cardiomyocytes, is also involved in both diastolic and systolic cardiac dysfunction in diabetic cardiomyopathy [31] .
Inappropriate activation of RAAS Activation of both the systemic and cardiac tissue RAAS despite a state of salt and volume excess in states of insulin resistance and hyperglycaemia plays an important role in the development of diabetic cardiomyopathy (Fig. 1) . One study found that hyperglycaemia induced systemic RAAS activation, associated with increased vascular resistance and arterial pressure [32] . The importance of an activated RAAS in diabetes is supported by the observation that an antagonist of angiotensin II type 1 receptor produced a greater reduction in blood pressure in hyperglycaemic than in euglycaemic conditions [33] . Large randomised controlled trials have demonstrated that inhibition of aldosterone activity through blockade of the mineralocorticoid receptor decreases morbidity and mortality in both mild and moderately severe heart failure in individuals with diabetes [34] . Indeed, both angiotensin II and aldosterone directly prompt oxidative stress by increasing NADPH oxidase activity. Activation of the RAAS also induces systemic and cardiac insulin resistance through the mTOR-S6K1 signal transduction pathway [18] . Meanwhile, enhanced angiotensin II type 1 receptor and mineralocorticoid receptor signalling in the myocardium enhances the adaptive proinflammatory immune response and inflammation, including increases in leucocyte adhesion, cytokine expression and macrophage infiltration [5] . These abnormalities further induce activation of growth and profibrotic signalling pathways to result in cardiac fibrosis, diastolic dysfunction and heart failure.
Maladaptive immune modulation Activation of proinflammatory immune cells, including macrophages, dendritic cells and activated T lymphocytes, is also involved in diabetic cardiomyopathy [4] . Proinflammatory cytokines, such as TNF-α, IL-6 and monocyte chemotactic protein 1 (MCP-1), contribute to cardiac oxidative stress and coronary artery dysfunction, ultimately leading to cardiac remodelling, fibrosis and diastolic dysfunction [4] . NF-κB, a protein complex that controls transcription of DNA and inflammation cytokine production, is activated by fatty acids and hyperglycaemia in heart [4] . NF-κB not only induces the expression of proinflammatory cytokines, including TNFα, IL-6, and IL-8, but also increases NLR family pyrin domain-containing 3 (NLRP3) inflammasome assembly and pro-caspase-1 autocleavage/activation, which in turn mediate pro-IL-1β processing and maturation [35] . Meanwhile, AGE/RAGE signalling also promotes NF-κB activation and therefore increases expression of proinflammatory cytokines and cardiac fibrosis [21] . Furthermore, macrophage proinflammatory M1 polarisation is increased whereas macrophage M2 anti-inflammatory response is inhibited in diabetic heart tissues [4] . While the proinflammatory macrophage M1 phenotype (F4/80 + CD11c + ) is generally associated with an increase in fibrosis, the macrophage M2 phenotype (F4/80 + CD11c − CD301 + Arg1 + CD206 + ) plays an important role in antiinflammatory responses and tissue repair [4] . Thus, systemic and local maladaptive immune function and inflammation responses play key roles in the cardiac remodelling and fibrosis that occur in diabetic cardiomyopathy (Fig. 1) .
Coronary endothelial dysfunction and dysregulation of exosomes The notion that dysfunctional coronary endothelial cells drive abnormal cardiac function has recently gained momentum [36, 37] (Figs 1, 2) . Normally, NO, prostacyclin (prostaglandin I 2 ) and endothelium-derived hyperpolarising factors (EDHFs) are released from coronary endothelial cells and exert beneficial effects including vasodilatation and reduced cardiac tissue inflammation [38] . In the early stages of insulin resistance and early diabetic cardiomyopathy, NOinduced vasodilatation is impaired whereas EDHF-mediated vasodilatation is generally preserved or even enhanced to maintain normal vascular tone [38] . However, in the later stages, both NO-and EDHF-induced vasodilatation may eventually become impaired, thereby promoting microvascular dysfunction and inflammation [38] . Further, reduction in bioavailable NO can lead to phosphorylation of the titin protein, thereby increasing the ratio of titin isoform N2B:N2BA expression and reducing cGMP-protein kinase G (PKG) signalling with resultant increased cardiac stiffness and impaired relaxation [4] (Fig. 2) .
Exosomes are regarded as important mediators in intercellular communication and regulate normal physiological and pathophysiological effects [39] . These extracellular vesicles have a diameter of 30-90 nm and possess a variety of biological components including microRNAs (miRNAs), proteins and lipids [24] . Recent data suggest that dysregulation of exosomes is involved in diabetic cardiomyopathy (Fig. 1) . For example, hypoxia, inflammation and hyperglycaemiainduced endothelial cell stress increase protein and messenger RNA content in endothelial cell-derived exosomes [40, 41] . Furthermore, the exosomes released from diabetic cardio myocytes can deliver detrimental components able to initiate endothelial cell dysfunction and impair angiogenesis [42] . Interestingly, heat shock protein 20-engineered exosomes exert beneficial effects via modulation of cardiomyocyte exosome secretion with restoration of normal cardiac function under hyperglycaemic conditions. These data suggest that exosomes and heat shock protein 20 might be novel therapeutic targets in the prevention of diabetic cardiomyopathy [42] .
Potential preventative and therapeutic strategies for diabetic cardiomyopathy
It is clear that aerobic exercise and restriction of fat and refined carbohydrate intake are efficacious therapeutic methods for preventing and treating diabetic cardiomyopathy in individuals with the metabolic syndrome [4] . It is also clear that improving glycaemic control is a key factor in the prevention of diabetic cardiomyopathy and cardiovascular morbidity and mortality. For example, thiazolidinediones and metformin improve systemic and tissue insulin sensitivity, thus improving cardiomyocyte glucose uptake and cardiac function by activation of PPAR-γ and AMPK, respectively [4] .
Recently, incretin-based therapies have emerged as important agents in the treatment of type 2 diabetes and associated cardiovascular disease. For example, glucagon-like peptide 1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors improve glycaemic disorders and reduce weight and are thus both regarded as among the best therapeutic options for type 2 diabetes [4] . One study further found that infusion of GLP-1 for 5 week improved left ventricular ejection fraction and functional status in diabetes patients who had chronic heart failure [43] . Generally, incretin-based therapies are regarded as being neutral on cardiovascular outcome profiles in individuals with type 2 diabetes. The major action underlying the effects of GLP-1 receptor antagonists and DPP-4 inhibitors is that GLP-1 increases the glucose sensitivity in pancreatic beta cells by upregulation of glucokinase and glucose transporter 2 [43] . However, a meta-analysis of randomised controlled trials suggested that glucose-lowering therapies, including peroxisome proliferator-activated receptor agonists and DPP-4 inhibitors, increase the risk of heart failure in individuals with (or who are at risk for) type 2 diabetes [44] . Thereby, the effect of intensive glycaemic control with various hypoglycaemic agents on cardiovascularassociated morbidity is not fully understood.
Inhibition of sodium-glucose cotransporter 2 reduced HbA 1c levels, blood pressure, weight, visceral adiposity and oxidative stress in individuals with type 2 diabetes [45] . In the EMPA-REG OUTCOME trial involving individuals with type 2 diabetes, empagliflozin combined with exercise and other glucoselowering therapy was found to lower the rate of the primary outcome, a composite of death from cardiovascular causes, non-fatal myocardial infarction and non-fatal stroke [45] .
Novel therapeutic drugs that reduce the AGE crosslinks formed in cardiovascular disease have been investigated recently. For example, alagebrium inhibited aortic stiffness and intra-aortic pulse pressure through breaking collagen crosslinks in hypertensive dogs [46] . However, alagebrium did not improve exercise tolerance in individuals with heart failure and systolic dysfunction, suggesting that it had a nonbeneficial effect in systolic heart failure [47] . Other therapies that play important roles in the prevention of diabetic cardiomyopathy, include metabolic modulators targeting mitochondrial oxidative stress, β-blockers and angiotensin II receptor antagonists [4] .
Conclusions
Diabetic cardiomyopathy is manifested as abnormal cardiac structure and function in the absence of ischaemic or hypertensive heart disease in individuals with diabetes. Insulin resistance, hyperinsulinaemia and hyperglycaemia are independently associated with the development of cardiac dysfunction and heart failure. Pathophysiological abnormalities underlying diabetic cardiomyopathy include cardiac insulin resistance, glucotoxicity, mitochondrial dysfunction, oxidative stress, ER stress, impaired calcium handling, activation of systemic and tissue RAAS, impaired mitophagy and autophagy, coronary microvascular dysfunction and dysregulation of exosomes. However, there are still gaps in our knowledge of the different mechanisms involved in type 1/type 2 diabetesinduced cardiac dysfunction that remain to be investigated. There are no prospective clinical trials currently underway to confirm that type 1 diabetes or type 2 diabetes alone increases the risk of cardiac dysfunction and heart failure in the complete absence of other risk factors such as CAD, obesity and hypertension. Further studies are needed to understand the molecular mechanisms behind diabetic cardiomyopathy and to develop new preventative and therapeutic approaches.
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